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ABSTRACT

Measurement of resolving power of an emulsion
Is usually determined by an extensive exposure and
development series.

Resolving power is reported at

the optimum value and exposure and density are reported
also.

Such a procedure is wasteful and time consuming.

This paper explores the determination of resolving
power by the observation of a reflected image of a
resolution target on unprocessed..
The reflection from the gelatin support was higher
than that of the silver halide grains and thereby
masked the reflected image from the grains.

This

phenominaf was observed over the entire range tested.
The maximum obtained was 7^6 lines per millimeter.

INTRODUCTION

The state of the Art determination of resolving power
of a photographic emulsion involves sxposure, processing,
and optical microscopic observation of the image.

Resolving

power of an emulsion varies with exposure, density, and
to a lesser extent with developer type.

In reporting

resolution it is customary to state the maximum* value
1
and exposure and density at which that value was obtained„
The above procedure is time consuming and wastful of
materials.

A method of determining resolving power

without processing theemulsion has been purposed.

This

method involves imaging a resolution target onto the test
emulsion and viewing the reflected image through a
microscope.
Light Incident on a photographic emulsion is
diffused by the gelatin and silver halide grains.

The

diffusion of the light within the emulsion degrades the
image and renders the higher frequencies unresolved.

The

cut off frequency of the emulsion is measured and a
value of resolving power separate"from processing effects
was obtained.

1 Mees and James, The Theory of the Photographic Process,
The Macmillan Company,!966,pp51^

APPARATUS

The requirement of the system was to image the
resolution target at a reduced scale on a test emulsion
and view the reflected image.

This was accomplished by

employment of a reduction microscope where the target
was imaged by the eyepiece and the objective relayed
this image to the test emulsion surface.

The reflected

image is reimaged by the same objective where it was
relayed to an eyepiece for visual observation or
photographic recording.

A filar eyepiece was used at

the visual observation location to measure the diameter
of the unresolved portion of the target.

The eyepiece

was calibrated by a precision stage micrometer.
The fundamental building block of the apparatus
was a Bausch and Lomb Metalograph Serial #333*(see Figure 1)
The metalograph was origionally designed to view and
photographically record a magnified image of a metalic
-surface.

Illumination was incident on the sample plane

after reflection from a plane parallel glass plate and
transmission through the objective.

The reflected image

Was magnified by the objective and eyepiece where the
c-a*

jlmage was viewed by the eye of projected onto the recording
film plane.

A support and alignment mechanism (SAM) for the
reduction microscope eyepelce was designed and fabricated.
(see Modification, # 1 )

The SAM provided adjustments of

vertical, lateral, and tube length displacement and
rotational adjustments in the vertical and horizontal
planes.
Following completion, installation, and preliminary
alignment of the SAM, a degraded image was obtained.
This image was a result of flare and ghost imaging from
second surface reflections of the uncoated glass
beamsplitter formerly used to illuminate the sample.
The ghost image was a result of second surface reflection
from the uncoated beamsplitter.

A thin, partially

aluminized, optically flat glass plate was substituted for
the uncoated glass.beamsplitter.

The semi-transparent

Taeamsplitter eliminated the ghost image, but astigmatism
became observable in the system.

To minumlze the

astigmatism, a sample stage adjustment platform was
fabricated.

The stage consists of a platform mounted

on three spring loaded machine screws which allowed the
adjustment the sample plane to achieve orthogonality
with the optical axis.(see Modification, # 5 )
The metalographic objectives were not coated and
this resulted in a low contrast image due to back
surface reflections from each element of the objective.
The multiple reflections were reduced, but not eliminated,
through judicious selection of low reflectance coated

objectives of 215 mm tube length from an Ansco Model b
Microdensitometer.

The objectives selected were 5x,

20x, and *K)x. A related problem was reflection from
uncoated, sharp and flat metal surfaces within the
metalograph.

Some of these surfaces were painted over

with flat black paint and, where possible, light was
kept from falling on said surfaces by baffling.

No

amount of baffling, however, was able to get light
through the eyepiece facing the target without a
great deal of flare.

Internal baffling

(inside"the

eyepiece) and baffling before and after the eyepiece
did not lower the flare to acceptable levels necessitating
the removal of the target facing eyepiece and the use of
higher magnification objectives to achieve one step
magnification instead of the usual two step.

This

action increased the aberrations since no compensating
eyepieces were used.

MODIFICATIONS

1) Support and Alignment Mechanism
Since it was originally desired to reduce the
resolution target by 100 times an eyepiece had to
be inserted between the target and beamsplitter.
A suitable support, which would not vibrate but
would permanently support the microscope body (which
houses the eyepiece) and allow for alignment, was
designed and fabricated.(see figure 1). Provision
was made to keep the adjustments as independent as
possible therefore a slide bar was made to give
lateral adjustment (with respect to the optical axis).
This lateral slide bar (1|"X2"X1") rested atop a
3/16" thick piece of aluminum **•" on a side. A ^5°
notch was milled along each long side of the bar
to mesh with the guide bars which guide and secure the
*
lateral slide bar after adjustment had been made.
Elevation and pitch adjustment (pitch Is the amount
of vertical tilt necessary to make the optical axis

of the eyepiece and objective lie in the same plane)
was arranged by fabricating two platforms held together
by three bolts passing through the top plate and threaded
into the bottom plate and pushed apart by three companion
bolts threaded through the top plate and pushing against
the bottom plate.

The former bolts are used to secure

the plates after adjustment while the latter bolts
provide the adjustment.

This double platform Is secured

atop the lateral slide bar and is in turn the base for
a rotation adjustment bar.
The rotational adjustment is made by a bar which
has one end fixed to the platform by a bolt acting as
a pivot.

The other end is free to rotate approximately

o
10

in either direction.

The rotation bar is swung

through this arc by opposing machine bolts and afterwards
is secured by tightening a machine bolt whose head
overlaps a ledge at the bottom of the rotation bar
(see inset in figure 1 ) .

On the top of this bar a

rack and pinion device was installed to receive the
microscope tube and to adjust the mechanical tube
length, if necessary.

2) Baffling
With the intensity levels of light being used
it became evident that some means must be used to
reduce flare.

All surfaces within the system were

systematically blackened with "Practica 'namel X F - 1 "
^ l a t black paint and a baffle was emplaced in the
reduction mi croscope tube.

In the baffle calculations

a full size drawing was made.

The outer edges of

the lens and detector were connected by straight
uncrossed lines.

Anywhere along either line, at the

height of the line, is a legitimate place for a
baffle but for efficient and sufficient baffling a
few other lines are drawn.

Lines are drawn between

the same two points but after reflecting off the walls
at the first and last points at which light may
enter the detector from the lens after only one
reflection.

Where these lines intersect with the

light cone are the proper baffle locations.

If

further reflections are possible then additional
baffles should be installed in like manner.

In the

case of the microscope tube used herein it was
necessary only to shift one baffle and eliminate
another.

8

3)

Beamsplitter
Since there was tremendous light loss and flare at

the beamsplitter a new beamsplitter was designed and
ordered from Stefan Sydor Optics Incorporated.

The

beamsplitter was specified to be 0.127 millimeters
thick and 12.5 millimeters in diameter.

One surface

was to be made semireflectant by the addition of a
coat of Aluminum evaporated onto the glass (index of
1.5D

in a vacuum chamber.

The other side of the

disk was vacuum coated with a single layer of Magnesium
Fluoride

(MgF2) at one quarter wavelength thickness

for lamda equal to 0.55 X 10
a h$° angle of incidence.

meters, optimized for
Three of these beamsplitters

were manufactured; one 3 0 ^ Transmittance, 30-^ Reflectances
one V ) T A 5 R and one 6 0 T A 0 R

(actually Mr. Sydor donated

his time and material to produce the uncoated beamsplitters and managed to get two of them coated gratis).
The beamsplitter found most suitable was the 60T/*K)R.

4)

Light Trap
The beamsplitter divided the incoming ray into a

transmitted and reflected ray.

The reflected ray was

imaged by the objective whereas the transmitted ray
was Incident upon the tube wall and was scattered.
This scattered ray caused an excessive amount of flare
and thereby reduced contrast.

A light trap was designed

-and manufactured from an aluminum soft drink can (CocaCola) to catch the transmitted ray and prevent it
from scattering.

The trap consisted of a hollow

triangular wedge (28°, 6 2 ° , 9 0 ° ) .

A \ inch hole was

drilled in the side of the beamsplitter housing and
support block.

The light trap was mounted with the

side opposite the 28° angle adjacent to the block
(see figure 2 ) .

The transmitted ray enters the trap

and is reflected by the hypoteneuse and then reflected
by the side opposite the 62° angle.

The reflection

process is repeated until the ray is totally absorbed.
The inside of the wedge was painted shiny black to reduce
the diffusion and thereby prevent the ray from re-entering
the system.
5)

Astigmatic Correction Platform
The system had astigmatism built into It as the

metalograph illumination scheme provided for a greater
than ^5° reflection.

This fault could be partially

overcome, by tilting the resolution target with respect
to the mirror, but not entirely as there was no way
a fine adjustment could be made.

Instead a kinematic

10

astigmatism (film holding) adjustment stage was
designed and fabricated as follows.

A thin sheet

of Aluminum was prepared, 2|"X2|"X 3/32", by drilling
three holes 120° apart with matching tapped holes in
the sample stage.

Machine bolts were screwed into the

holes for height adjustment.

Small strong springs

were used to keep the metal plate pushed the underside
•of the machine bolt heads.

As stated this was o'nly

partially successful in removing astigmatism as the
more astigmatism from target misorientation was
eliminated the greater became the astigmatism resulting
from sample stage misorientation with respect to the
eyepieces used for viewing and photographing the image.
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PROCEDURE

The resolution target used was a hexagon with decreasing
b a r widths and spacings.

Resolution is calculated as

the ration of the diameter of the target to the diameter
of the unresolved portion and the value is computed in
lines per millimeter.
Sheets of k x 5 film cut into one inch squares and
the squares were placed one at a time onto sample stage.
The grain was brought into focous by means of the focousing
knob and the target distance was adjusted so as to bring
both the target and grains into focous at the same plane.
A filar eyepiece was used to measure the distance of the
unresolved portion of the target and the image was
refocoused onto the record image plane.

A photomicrograph

was taken for perminant record of the observation.
»
The image was observed over a time span of one
half hour to determine it the formation of photolytic
sliver had any affect on the Image.

The above was

repeated with a red # 2 5 wratten filter in the light path.

14

EXPERIMENTAL

The photomicrograph of the resolution target (figure 7)
reflected from a first surface mirror illustrates the
quality of an image not degraded by an emulsion.
There is no degradation of the image and the highest
frequency of the target corresponds to 7^6 lines per
millimeter.
40x objective

This photomicrograph was taken using a
(focal length of 5.375 mm) and a 7.5x

eyepiece(focal length of 33•9 mm) to Image the target
on the film plane.(see figures 5 and 6)
The photomicrograph of theresolution target
reflected from Plus-X Pan Professional Type 21^7
is illustrated In figure 8.

The photomicrograph was

taken using a 20x objective
and a 7.5x eyepiece.

(focal length of 10.75 mm)

All of the frequencies are visible

and the highest frequency of the target corresponds to
350 lines per millimeter.

The dark irregular patterns

are a combination of photolytic silver and imperfections
in the surface of the gelatin.

Tri-X pan Professional

Type 4l64 showed slmlliar results when viewed under
the above conditions.(figure

9)

15

Figure 10 Illustrates the reflected Image from Trl-X
Pan Professional Type kl6k when a 40x objective was
employed.

All frequencies of the image were visible

and the highest frequency of the image corresponds to
7^6 lines per millimeter.
Photolytic silver formation was observed over
extended time periods.

This added little to the t

degradation of the Image.

Addition of a red #25

wratten filter retarded the formation of photolytic
silver and did not interfere with visual observation.

FIGURE 8
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?IGURE 9

^*w
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FIGURE 10
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DISCUSSION

In ordinary photography, an Image(light distribution)
is reassembled at the surface of the film by a lens
system* The distribution then impacts into the silver
halide crystals. It was intended to study the 4egraded
reflection from the silver halide. The spaces between
the silver halide crystals, however, are net empty.
The spaces are filled --elatin supportr which is Itself
A"
capable of reflecting light as v:ell as transmitting it.
While the area crossection ratio between gelatin and the
silver halide crystals Is not especially large (approximately 3:1)» 'the reflection from the surface of the gelatin
is much greater than that from the silver halide crystals.
The probability of light reaching the hacking from the
surface of the gelatin is low, but the silver halide
crystals are of irregular shapes and the probability
of the (relatively) flat surfaces of the majority of
crystals facing outward is low. The air-gelatin and
gelatin-silver halide interfaces are the locations of the
first and second reflections. The intensity'of the reflection
from the air-gelatin interface clearly predominates over
the reflection from the gelatin-silver halide interface.
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In the ordinary photographic process the crystals
are converted into 1:11 ver Lumps, sometimes enlarged
and strung together in lines or clumps which for the
limiting case In resolution is analogous to trying to
find a pattern in nonrandomly placed golf balls among
other randomly placed golf balls.

Here however the

opacity of the grain is increased many tines above
that of gelatin thereby increasing Its' trains Itted
visibility.

Its' reflective visibility, however,

diminishes to a minimum and increases somewhat as
the Silver metal is formed by bocoming dark holes
(as opposed to competing sources of light) as Its'
reflectivity is reduced.

This process is not available

to aid in increasing the visibility of the undeveloped
Silver Halide crystals.
Some ways In which the first surface reflection
could be eliminated are by the use of an oil emersion
set up which optically removes the surface or possibly
by using lighting from only one side as in photography
using mirrors.

The current apparatus used the light

imaging the target from almost every point of the
exit pupil, if a way were developed to image the
target from the side without unacceptable astigmatism
and image distortion the reflection from the gelatin
would not, to some extent, enter the objective lens.
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